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Abstract 
 
The current research aimed to profile off-road riders to identify specific sub-groups in relation to 
their risk-related behaviours and perceptions. A total of 235 adults from the Australian state of 
Queensland who had ridden a motorcycle or ATV off-road in the last 12 months were recruited. 
A cluster analysis was applied to the survey data. Two distinct clusters of riders were identified, 
which corresponded with the self-report of injury from an off-road riding crash in the prior 12 
months. The injured cluster had a significantly higher mean risk propensity and use of safety 
equipment, though did not differ on self-reported risk taking. The injured cluster as a whole 
included a higher percentage of males, was younger, and rode more often for recreational or 
competitive purposes than the non-crash involved cluster. The results indicate that the crash 
cluster may be both more aware of the potential risks of riding and more willing to ride in a 
riskier manner. 
 
 
Résumé 
 
Notre étude cherche à déterminer le profil de motocyclistes tout-terrain pour identifier des sous-
groupes spécifiques de perception et de comportement face au risque. Un total de 235 adultes 
de l’état du Queensland (Australie), ayant conduit une motocyclette ou un véhicule tout-terrain 
hors d’un environnement routier au cours des 12 derniers mois ont été recrutés. Une analyse de 
partitionnement (clustering) a été réalisé sur ces données. Deux groupes distincts ont été 
identifiés, ségrégés par les traumatismes sur les 12 derniers mois. Le groupe impliqué dans des 
accidents montre des scores moyens de propension au risque et d’utilisation d’équipement de 
sécurité plus importants mais ne diffère pas sur le score de comportements à risque ou de prise 
de risque dans des contextes individuels. Le groupe impliqué dans des accidents inclut une plus 
grande proportion d’hommes, est plus jeunes et conduit plus souvent dans un contexte de 
loisirs ou compétitif que l’autre groupe. Les résultats indique que ce groupe est probablement 
plus conscients des risques potentiels de la pratique motocycliste, tout en étant prêt à assumer 
une conduite plus risquée.  
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Introduction 
 
Off-road motorcycle and All-terrain Vehicle (ATV) riding are common for both occupational and 
recreational purposes in countries such as Australia, Canada, New Zealand and the United 
States. Concerns regarding the injury contribution of these vehicles have been raised for many 
years. In terms of injury, a recent report released by the Australian National Injury Surveillance 
Unit (NISU) showed that 47% of all motorcycle related hospital separations nationwide could be 
attributed to a crash in a non-traffic (principally off-road) area [1]. Research in this field has 
particularly focused on injuries to children and young adults [2-4]. Evidence from Australia and 
the United States has identified that only between a fifth and a quarter of all hospitalisations 
were to a person aged between 0 and 14 years of age. While these statistics do not account for 
relative levels of usage of vehicles in each age category, they do show that research should 
also examine hospitalisations to older adolescent and adult riders.  
 
Risk factors for riders 
 
A number of risk factors for off-road riding injury have been identified in the existing literature. 
Male riders, in particular those of a younger age have been shown to be highly represented in 
off-road riding injury. Nationwide injury statistics for Australia and the United States indicate that 
around 90% of all non-traffic motorcycle riding hospital admissions are attributable to males. 
Similar statistics for Canadian provinces such as Ontario and Nova Scotia suggest that the 
gender distribution is similarly between 80 and 90% male [5, 6]. 
 
 
Gender Australia United States 
   
Male 92.6% 89.0%
Female 7.4% 11.0%
   
Total 100.0% 100.0%
   
Sources: [1, 7] 
 
Table 1 - Gender distribution for non-traffic (off-road) motorcycle hospitalised persons 
 
Although males are more likely to be involved in off-road riding, research has indicated that they 
are also overrepresented among injured riders compared to the riding population. A case-
control study of ATV riders conducted in 1997 by Rodgers and Adler [8] compared interview 
data between 133 injured riders and 464 controls. A clear overrepresentation of male riders was 
found with 86% males in the injured group compared to 66% in the uninjured group. 
Recreational use of off-road motorcycles has also been noted as a significant source of injury. A 
review of injuries and deaths associated with sports and recreation in the Australian state of 
Victoria identified the recreational use of motorcycles and ATVs as a key contributor. Of the total 
198 cases identified between July 2001 and June 2003, 52 (26%) were related to motorbike 
riding, including three deaths from motorcycles and one from an ATV [9]. Research undertaken 
in rural Wisconsin found that recreational use of an off-road vehicle was common at the time of 
injury, with this being the case for 66% of injured farm residents and 96% of those who did not 
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reside on a farm. Farm riders are consistently identified as a group contributing substantially to 
injury in Australia. A study looking at farm-related admissions to Tamworth Base Hospital in 
New South Wales for the 12 month period between September 1997 and August 1998 identified 
motorcycles as the second leading external cause of injury behind horses [10]. It is also worth 
noting again that nearly a third of the farm injuries were incurred during recreational activities, 
with only half occurring as part of work. 
Other risk factors for injury noted in previous research have been rider inexperience [11], vehicle 
instability (particularly for ATVs) [12] and alcohol and drug use among a minority [13]. Another 
oft-noted factor that has the potential to increase the severity of injury in the event of a crash is 
the non-usage of helmet and other safety gear amongst some off-road riders. Figures vary 
between 30% and 60% of injured riders not wearing helmets, with a 1999 review indicating that 
a third of U.S. ATV riders self-reported never wearing a helmet [8, 14, 15]. 
 
Risk taking and risk perception 
 
Individual differences in sensation seeking and risk perceptions have been studied extensively 
in relation to vehicle crashes and injury. Higher levels of sensation seeking have been shown to 
correspond to an increased preference for and participation in high risk sports including the 
related behaviours of motorcycling and auto racing [16]. Pilot study interviews with riders in the 
north of the Australian state of Queensland frequently revealed a perception that off-road riding 
was inherently risky and that there was minimal scope for injury interventions [17].  
 
“you have to accept that it is a dangerous sport, doesn’t matter how 
you look at it, if you come off a bike, you’re going to hurt yourself. You 
can wear your helmet, and all your safety gear and you’re still gonna 
get hurt” 
 
“I don’t think there is a lot you could do to stop people getting hurt on 
dirtbikes, it’s just [its] nature” 
 
The current study wished to examine further the relationship between self-reported risk taking, 
and risk propensity (or a willingness to take risks) among off-road riders. One of the most 
commonly used risk taking measure in psychological research is Zuckerman’s Sensation 
Seeking Scale (SSS). Broadly, sensation seeking has been defined by Zuckerman as “a trait 
defined by the seeking of varied, novel, complex and intense sensations and experiences and 
the willingness to take physical, social, legal and financial risks for the sake of such 
experiences” [18, p27]. Thus, risk taking has been commonly conceptualised as a persistent 
individual trait. This consistency of risk taking has been challenged by several researchers who 
argue that it is an over-simplification to consider people as either ‘risk takers’ or ‘risk adverse’ 
[19-21]. Instead, it is argued that consideration of risk and risk taking are domain specific. For 
example, it would be possible to be risk averse in terms of financial risks but a risk taker 
regarding recreational risks such as off-road motorcycling. This hypothesis has been supported 
by survey research which recruited different groups of risk takers such as smokers (health 
risks), gamblers (financial risks) and sky-divers (recreational risks) [19]. All participants 
completed the DOSPERT measure [20] which measures self-reported risk taking across ethical, 
financial, health/safety, recreational and social risk domains. The results identified that the group 
of participants hypothesised to be associated with each DOSPERT domain showed a 
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significantly higher risk propensity for that activity. 
 
1. Sample characteristics 
 
The participants for the current study were drawn primarily from a larger research panel of 
residents from the Australian state of Queensland, the CARRS-Q Independent Research Panel 
in Road Safety (InSPiRS). The InSPiRS panel consists of approximately 2,700 people aged 16 
years or above from 1,600 households. Due to their intended usage for road safety research, all 
panel members were required to be active drivers and hold a drivers’ licence. The following 
information provides an overview of the characteristics of those people in the research panel 
who self-reported taking part in off-road riding in the last 12 months. Queensland is a large land 
area covering over 1.8 million square kilometres (over 715,000 square miles). The majority of 
the population of Queensland resides in coastal areas and the south-east corner, with a low 
population density across much of the state. Figure 1 below depicts the increasing proportion of 
riders in the sample with increasing remoteness. 
 
 
 
Figure 1 - Proportion of InSPiRS panel riding off-road in last 12 months by remoteness  
 
Nearly half of all those in the research panel who resided in ‘very remote’ areas of Queensland 
reported riding off-road in the last 12 months with this proportion decreasing steadily with closer 
proximity to the more highly-populated south-east corner. 
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Weighting the proportion of panel respondents reporting riding off-road in the previous 12 
months within each age-gender group by the population age-gender distribution, estimates of 
the riding population of Queensland were calculated. Overall, it can be estimated that for 
Queenslanders aged 16 years or above, 30% of males and 11% of females have ridden a 
motorcycle or ATV off-road in the previous 12 months. Combining both genders, around 20% of 
all Queenslanders could be estimated to have ridden an off-road vehicle in the last 12 months. 
Thus, off-road riding is a relatively common activity among older adolescents and adults 
residing in the state. 
A sample of 235 riders was surveyed, including supplementing the panel respondents with 
participants recruited from online message boards and snowballing methods. The age and 
gender distribution of survey respondents (9 with unknown age) is shown below in Table 2. 
 
  Female Male 
Age group (years)  n %  n % 
       
16-20  3 5.1 11 6.6 
21-24  5 8.5 9 5.4 
25-29  5 8.5 14 8.4 
30-39  11 18.6 26 15.6 
40-49  20 33.9 62 37.1 
50-59  13 22.0 32 19.2 
60-69  1 1.7 9 5.4 
70+  1 1.7 4 2.4 
       
Total  59 100.0 167 100.0 
       
 
Table 2 - Survey respondents by gender and age group 
 
The sample was majority male (74%), with 80% employed full-time, and 50% holding either a 
trade certification or a certificate/diploma as their highest level of education. 
 
2.  Riding characteristics  
 
Respondents were asked to nominate their purposes for riding off-road, though they could 
nominate multiple purposes. The Venn diagram below illustrates the relative involvement in 
particular riding purposes and the relative overlap between each of the groups. 
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Figure 2 - Venn diagram of purpose of riding and relationships between purposes 
 
Riding for recreation was the most commonly reported purpose of riding (83% ever), followed by 
work riding (49% ever) and riding for competition or training (19% ever). While all competitive 
riders also rode recreationally at least some of the time, around two-thirds of all work riders did 
so also. In line with the less frequent riding for competitive purposes, only a quarter of the 
sample reported riding in a motocross setting. Farms were the most commonly reported riding 
location, with this reported by nearly 90% of the sample. Riding on private properties and 
government properties was also common, with around 40% of the respondents riding in these 
locations. 
 
3.  Risk variables and cluster analysis 
 
Respondents’ overall willingness to take risks was measured using the 6-item ‘Risk Propensity 
Scale’ [22], which was selected primarily due to its measuring of non-specific risk taking 
willingness and short length. The mean risk propensity of respondents, on a scale from 1 (lower 
propensity) to 9 (higher propensity), was 3.56 (SD=1.5), with a range from 1 to 8.3. Self-
reported, context-specific, risk taking was measured using the 6-item ‘Risk Taking Index’ [23], 
which measured risk taking over the last 12 months in the domains of health, safety, social, 
recreational, financial and career risks. Figure 3 below depicts the relative levels of risk taking in 
each domain reported by respondents. 
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Figure 3 - Survey respondents by reported domain specific risk taking 
 
Across the entire sample, a relatively low level of risk taking was reported. Risk taking in the 
health and safety risk domains was however most commonly reported. A significant correlation 
was found between a composite score of risk taking behaviour across all contexts and risk 
propensity (τ = .35, p <.001). Significant correlations were likewise found between self-reported 
risk taking in each domain and overall risk propensity. The strongest relationships to risk 
propensity were recreational risk taking (τ = .37, p <.001) and safety risk taking (τ = .31, p 
<.001). 
A cluster analysis was applied to the survey data to identify distinct groups of respondents in 
regard to their risk behaviours and perceptions. The analysis used the ‘Gower’ cluster metric 
which allows for the inclusion of categorical variables in the analysis [24]. Variables included for 
the clustering were safety and risk related questionnaire items, namely: 
- average risk propensity scale score  
 - an average risk taking behaviour score 
- self reported off-road riding injury status in the last 12 months 
 - a combined score based on reported safety equipment use 
Table 3 below shows the clusters identified as a result of the analysis and the characteristics of 
the clusters in relation to these key variables. 
 
  Mean Score (SD)   
Variable  Non-injured 
(n=175) 
 Injured     
(n=60) 
 p1 
       
Injured in a crash off-road  0%  100%  - 
Mean risk propensity  3.38 (1.48) ▼ 4.05 (1.52) ▲  <.01
Safety equipment score  2.99 (0.94) ▼ 3.63 (0.62) ▲  <.001
Risk taking behaviour score  10.62 (3.36) ● 10.58 (3.06) ●  0.92
       
1 - probability based on t-test 
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Table 3 - Cluster groupings by variables included in the cluster analysis 
 
Two clusters of riders were identified, corresponding to self-report of injury from an off-road 
riding crash in the prior 12 months. In relation to the other key variables, the injured cluster 
(Cluster 2) was also associated with a higher average risk propensity and more use of safety 
equipment. No difference was however found in the overall risk taking behaviour score. As this 
scale however covers a number of risk taking contexts, separate analyses were repeated 
comparing each individual risk domain between the two clusters. There was however not a 
significant difference in the distribution of responses for the safety risk domain (χ2(1) = 0.1, p = 
.79), health risk domain (χ2(1) = 0.1, p = .71), recreational risk domain (χ2(1) = 2.7, p = .10), 
career risk domain (χ2(1) = 0.4, p = .53), social risk domain (χ2(1) = 0.4, p = .52), or the finance 
risk domain (χ2(1) = 1.9, p = .17) as tested by linear-by-linear association tests. Thus, there was 
little evidence to suggest that the taking behaviour profiles of injured and non-injured riders 
differ. 
 
3.1  Demographics 
 
The demographic characteristics of respondents in each of the clusters were also compared. 
While the majority of respondents were male, which is in line with previous indications of the off-
road riding population, males were still significantly more likely to be in the injury cluster. The 
injury cluster was 85% males compared to 70% among the non-injured cluster (χ2(1) = 4.1, p < 
.05).  
  Non-injured  Injured 
Age group (years)  n %  n % 
       
16-20  7 46.7 8 53.3 
21-24  6 42.9 8 57.1 
25-29  14 66.7 7 33.3 
30-39  27 73.0 10 27.0 
40-49  68 81.0 16 19.0 
50-59  37 80.4 9 19.6 
60+  14 93.3 1 6.7 
       
Total  173 59  
       
 
Table 4 - Age groups by cluster groupings - proportion of cluster in age group 
 
The younger age groups had a consistently higher representation in the injury cluster, as shown 
in Table 4 above. The proportion of respondents in the injured cluster decreased with increasing 
age above for all age groups 25-29 years and above (linear by linear association test - χ2(1) = 
16.6, p < .001). 
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3.2  Riding characteristics 
 
Both 2-wheel motorcycle and ATV riders were surveyed, with respondents given the option of 
nominating use of both vehicles.  
 
  Non-injured  Injured 
Vehicle types ridden  n %  n % 
       
2-wheel motorcycles  65 37.4 33 55.0 
All-terrain vehicles (ATVs)  41 23.6 1 1.7 
Both motorcycles and ATVs  68 39.1 26 43.3 
       
Total  174 100.0 60 100.0 
       
 
Table 5 - Vehicle types ridden by cluster groupings 
 
While the use of both vehicle types was common in each cluster, a higher proportion of ATV 
riders were present in the non-injured cluster. This may relate to the purposes of riding 
undertaken by each group, as shown in Table 6 below. Riders in the injured cluster trended 
towards less riding for work purposes, and were significantly more likely to ride for recreational 
or competitive purposes. 
 
  Non-injured  Injured 
Riding purpose  n %  n % 
       
Ride for work1    
       
 Yes  89 50.9  25 41.7
 No  86 49.1  35 58.3
       
Ride recreationally ‘sometimes’ or ‘frequently’2    
       
 Yes  101 57.7  48 80.0
 No  74 42.3  12 20.0
       
Ride Competitively3    
       
 Yes  22 87.4  23 38.3
 No  153 12.6  37 61.7
       
Total  175 100.0  60 100.0
       
 1 - χ2(1) = 1.2, p = .28 2 - χ2(1) = 8.6, p < .01 3 - χ2(1) = 17.5, p < .001 
 
Table 6 - Riding purposes by cluster groupings 
 
These statistics were likewise reflected in a significantly higher proportion of the injured cluster 
riding as part of an organised group (27.1%) compared to the non-injured cluster (9.8%) (χ2(1) = 
9.5, p < .01). 
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3.3  Perceived risk 
 
Respondents were also asked to rate their agreement with the statement ‘Off-road riding is a 
risky activity’ on a scale of 1-9 corresponding to the range ‘strongly disagree’ to ‘strongly agree.’ 
 
Figure 4 - Perceived risk of off-road riding by cluster groupings 
 
While there was a higher proportion of ‘strong agreement’ that off-road riding is a risky activity in 
the injured cluster (35% vs. 24%), the overall distributions were not significantly different (χ2(1) = 
2.6, p = .10).   
 
3.4  Safety equipment usage 
 
Respondents were asked to indicate how often they used a variety of safety equipment, 
including helmets, goggles, gloves, long-sleeved shirts, long pants, and ankle-length boots. 
Table 7 below presents some brief statistics regarding the relative usage of safety equipment in 
each cluster. 
 
  Non-injured  Injured 
Riding purpose  % Never Wear  % Freq. Wear  % Never Wear  % Freq. Wear 
         
Helmets  26.6% 57.8% 8.3% 81.7% 
Goggles  39.2% 42.1% 13.3% 71.7% 
Gloves  40.4% 39.2% 10.0% 75.0% 
Long-sleeved shirts  12.2% 65.1% 3.3% 85.0% 
Long pants  12.1% 70.5% 1.7% 91.7% 
Ankle-length boots  21.5% 68.6% 5.2% 84.5% 
         
 
Table 7 - Survey respondents by riding purpose and helmet usage 
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Across all safety equipment types, the riders in the injured cluster were more likely to frequently 
wear the item and less likely to never wear the item. It is interesting to note the substantial 
proportion of riders in the non-injured cluster (Cluster 1) that reported never wearing a helmet. 
Separate analyses on helmet usage by purposes of riding provide an indication that this may be 
the underlying factor explaining helmet usage in each cluster. 
 
    Helmet Usage 
Riding purposes reported  n  % Never wear   % Freq. wear  
       
Work only  34  61.8% 8.8% 
Work and recreation  62  30.6% 43.5% 
Recreation only  88  10.2% 86.4% 
Recreation and competition  28  0.0% 100.0% 
       
 
Table 8 - Survey respondents by riding purpose and helmet usage 
 
 
Conclusions 
 
Off-road riding is a common activity among Queensland residents, and is similarly popular in a 
number of other jurisdictions internationally. The current paper provides a brief outline of the 
characteristics of off-road riders in Queensland and presents factors related to their self-
reported riding injury. Although this research draws only from a localised sample, it is likely that 
the results will be transferable to riders in similarly developed countries who use off-road 
motorcycles and  ATVs, and potentially even to users of snowmobiles and other multi-purpose 
off-road vehicles. 
As has been found in previous research, it is important to note that there is substantial overlap 
between purposes of riding. This was particularly the case in the current study, with those riding 
for work purposes more often than not also riding recreationally. This has implications in 
tailoring interventions to particular riding purposes, rather than riders themselves. For example, 
while interventions targeted at farm-based riders should acknowledge and work within the 
constraints of an occupational environment, attention should also be paid to the types of riding 
occurring in such areas. 
The cluster analysis identified two groups of riders that were able to be separated on the basis 
of self-reported injury, risk propensity and safety equipment usage. No significant differences 
were found between the two clusters when considering self-reported risk taking. There was 
however a coherent set of characteristics to those in the injured cluster. They were more likely 
to ride two-wheel motorcycles; ride competitively or recreationally; ride as part of an organised 
group, and to wear substantially more protective equipment. This presents a picture of a more 
serious group of off-road riders who are more likely to take more basic precautions to protect 
themselves while engaged in sporting use of off-road vehicles. Indeed, this was noted by certain 
responses to the researchers’ calls for participation that expressed disbelief that any off-road 
rider would not wear a full kit of personal protective gear.  
The injured cluster was younger as a whole and consisted of a higher proportion of males. This 
was expected from previous research identifying youth and male riders as being at higher risk of 
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injury. This research does however provide evidence that the injury risk of off-road riding does 
not plateau beyond late adolescence. In fact, the current results suggest that the relationship 
between injury risk and age for off-road riders is similar to that for on-road riding and driving in 
Australia, where increased risk is particularly noted in those aged 17-24 years old [25]. 
While the two clusters were able to be separated in regards to risk propensity, no differences 
were found in terms of self-reported risk taking behaviours. This could potentially be due to 
differing interpretations of what actually entails risk taking. Bellaby and Lawrenson [26] have 
noted that lay-person perceptions of risks often differ markedly from ‘expert’ perceptions or 
those based on statistics or research. Recent research has additionally acknowledged that 
people hold differing thresholds at which an activity becomes ‘risky.’ As McKenna and Horswill 
[27] note:  
“…there is a threshold below which perceived vulnerability to accident involvement 
has no effect on risk taking. It is only when perceived vulnerability is raised above 
this threshold that concern about accident involvement begins to influence risk 
taking.” (p168). 
Future research may avoid this issue by using more specific measures of risk taking behaviour 
that can be aligned to each domain rather than global measures. 
 
The categories of reported risk taking also provided some indication of the nature of risk taking 
among off-road riders. While risk taking in the health and safety risk domains were most 
commonly reported, recreational risks were not. In the context of the questionnaire items used 
in the current study, this distances the group of off-road riders as a whole from the ‘extreme 
sport’ culture. Further research comparing the risk profile across the six tested domains for off-
road riders to those who do not ride off-road would need to be conducted to determine the 
uniqueness of this group. 
The perceived risk of off-road riding did not differ significantly between the two clusters. 
However, there is some indication that the crash cluster did actually perceive that off-road riding 
is a riskier activity, albeit not at a statistically significant level. Again, this could potentially be 
related to the sporting and higher risk riding purposes that were more prevalent among the 
crash-involved cluster. Those that rode for these purposes may in fact be riding in more risky 
circumstances than those primarily riding for work, and correctly acknowledge the greater risks. 
This was likewise reflected in the reported usage of safety equipment, which was one of the 
clearest differences between the two clusters. The non-injured cluster was much more likely to 
‘never’ wear basic safety equipment such as a helmet. Future research should examine the 
changes in individual rider’s use of safety gear in differing circumstances to determine the effect 
of riding context and purpose. The current study obscures any potential difference by using only 
one universal measure of safety equipment usage for each respondent.   
Some limitations should be acknowledged when interpreting the findings of the current study. 
The current sample was drawn primarily from an existing panel of people who had agreed to 
take part in road safety related research. While other participants were sought through 
snowballing methods and from online interest groups, it is possible that the sample is not 
representative of off-road riders as a whole. Regardless of these limitations, the current sample 
has noted a number of clear trends among injured and non-injured riders, particularly in regards 
to their purposes of riding and use of safety equipment. 
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